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TECHNICAL NOTE
Potassium removal with peritoneal dialysis
STEPHEN T. BROWN, DANIEL J. AHEARN and KARL D. NOLPH
Division of Nephrology, Department of Medicine, University of Missouri Medical Center, Columbia, Missouri
Peritoneal dialysis is often performed in patients with
hyperkalemia with a goal of removing potassium (K) rapidly
from the extracellular fluid space (ECF). Increased plasma
clearances of urea, creatinine and calcium have been demon-
strated during hypertonic peritoneal dialysis (HPD)
using 7% (682 mOsm/kg H20), as compared to the less
hypertonic 1.5% (374 mOsm/kg H20) dextrose dialysis solu-
tions [1—5]. The following studies demonstrate that only
modest increases in K clearances are achieved with HPD
and K diffusion from ECF accounts for the majority of K
removal during peritoneal dialysis. Like sodium (Na),
K does not proportionately accompany the bulk flow of
extracellular water during HPD in the absence of a con-
centration gradient for net diffusion [2, 6].
Methods. Study exchanges (fifty-two 1.5% dextrose and
thirty-four 7% dextrose) were performed during 19 separate
peritoneal dialysis in 10 uremic patients. No patient
manifested any clinical or electrocardiographic mani-
festations of hyperkalemia and the highest serum K (PK)
value observed before or during these studies was 6.8
mEq/Iiter.
All dialysis solutions were prewarmed to body tempera-
ture prior to instillation. Two liter exchanges were instilled
by gravity into the peritoneal cavity over a 10 mm period,
allowed to dwell for 30 mm, and drained by gravity over
another 30 mm to assure as complete a drainage as possible.
After good mechanical drainage was established, a series
of study exchanges was started which consisted of a 1.5%
dextrose exchange followed by one to three 7 % dextrose
exchanges. Studies were performed both early and late in
dialysis.
All instillation volumes were measured by marking the
fluid level in each bottle prior to instillation and measuring
the volume of water required to fill to that level following
instillation. Total drainage volume was measured in a
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graduated cylinder. Aliquots of instilled solutions and
drainage were obtained with every study exchange. Samples
of venous blood were obtained at the beginning of at leas
every other exchange. Potassium concentrations were
measured in all samples by an Instrumentation Laboratory
flame photometer (Model 143).
In addition to dextrose, dialysis solutions contained
sodium (Na) 140 mEq/liter, chloride 101 mEq/liter, acetate
45 mEqjliter, calcium 4.0 mEq/liter, and magnesium
1.5 mEq/liter. Potassium concentration was varied in both
1.5% and 7% exchanges from 0.0 to 8 mEq/liter by adding
desired amounts of KC1. No more than two consecutive
exchanges contained K concentrations greater than K in
any study. In no study did dialysis solution K concentration
exceed K if K was above 4.5 mEq/liter.
For every exchange, the concentration of K in dialysis
solution prior to instillation was divided by (BK) measured
(or estimated by extrapolation) at the beginning of the
exchange. This ratio will be designated DIPK.
The ultrafiltration volume per exchange (UF) was cal-
culated as the difference between the drainage and instilled
volumes in liters.
The net removal of all solutes per exchange was cal-
culated as [(concentration in dialysate drainage x drainage
volume) — (concentration in the instilled solution x in-
stillation volume)]. Clearances of K (CK in mi/mm) were
calculated as (net removal/PK) 70 mm.
For exchanges where D/PK was near unity (0.95 to 1.05),
ratios of (the net milliequivalents of K removed/UF)
were calculated and will be designated as net sieving coeffi-
cients (SCK) [7].
Results. During single 70 mm exchanges, K usually
decreased from 0.0 to 0.2 mEq!min and these decreases did
not correlate significantly with the amount of K removed.
Changes in K over many exchanges depended on the
sequence of dialysis solution K concentrations. All patients
finished dialysis with K in the normal range.
Table I shows the mean values of drainage volume, UF
and CK for 1.5% and 7% exchanges when D/PK values
were 0.0 and 1.0 All mean values for 1.5% and 7%
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solutions were significantly different (P <0.05) by the non-
paired t test at either DIP. When DIP =0.0, the absolute
difference between the mean CK values was 5.18 mI/mm.
Figure 1 shows the relationship of CK to initial D/PK
values for all 7% and 1.5% dextrose exchanges. Note the
increase in CK with both types of solutions as the concen-
tration gradient for diffusion is increased (D/P approaches
0.0) and the tendency for greater CK with 7% exchanges at
any DIP.
The mean value of SCK at a D/PK of 0.95 to 1.05 was
0.36±0.05 (5EM).
Discussion. It is possible that solvent drag explains at
least in part the greater CK values with 7 % exchanges at
Lx- No. of Drainage UF volume CK
change ex- volume
type changes liters/exch liters/exch mi/mm
D/PK=0.0
1.5% 5 2.18±0.05 0.102±0.064 16.85±1.11
7.0% 5 2,62±0.14 0.564±0.141
D/PK= 0.95 to 1.05
22.03± 1.13
1.5% 6 2.24±0.02 0.164±0.022
—0.23±0.57
7.0% 5 2.65±0.04 0.578±0.031 2.98±0.39
any D/PK [1, 4]. However, increases in net solute flux
secondary to alterations in concentration profiles in "un-
stirred layers" cannot be excluded [7]. A contribution of
enhanced diffusion to the increased CK at D/PK of less than
1.0 may also play a role. Enhanced diffusion could result
from an increase in membrane permeability during ex-
posure to hypertonic exchanges as previously suggested [4],
an increase in blood flow, and/or greater area of membrane
available for diffusion. Moreover, the formation of "hypo-
kalic" UP by bulk flow of water during 7% exchanges
could maintain a relatively greater K concentration gra-
dient between dialysate and ECF.
With 7 % exchanges K can be removed at D/PK near 1.0
and thus in the absence of a concentration gradient for net
diffusion at the beginning of the exchange as has been
reported previously for urea by Henderson [1]. In contrast
to SCurca values reported near 1.0, however, the mean SCK
value was 0.36 showing that K, like Na [2, 6], does not
proportionately accompany the net fluid removal relative
to respective concentrations in extracellular fluid (ECF).
The similarity of SCNa and SCK at respective D/P values
near unity suggests that the same mechanisms may be in-
volved in regulating the movement of these cations across
the peritoneal membrane during HPD. If UP is pre-
dominantly formed from ECF moving through extracellular
channels, then neither K nor Na accompanies propor-
tionately the flow of ECF water in the absence of a con-
centration gradient for net diffusion. The very low SC values
further imply that even the chloride salts of Na and K are
impeded. An ion charge related phenomenon might explain
the similarity of SCNa and SCK. The SCurea values reported
near 1.0 support this explanation [1].
The risks of 7% exchanges include hyperglycemia, hypo-
volemia, and hypernatremia [8—12]. Their use in routine
peritoneal dialysis is usually not indicated. The increase in
CK with 7 % exchanges at a D/PK of 0.0 represents about a
30% increment in CK as compared to 1.5% exchanges.
These modest increases in CK would not seem to warrant
use of 7 % exchanges in most clinical situations involving
hyperkalemia.
clearances of K and maximum K removal rates over
clinical serum K ranges are relatively low with peritoneal
— dialysis compared to extracorporeal dialysis and kayexelate
enema techniques. The maximum K clearance in these
o peritoneal dialysis studies was 26 mI/mm during HPD.
Potassium clearances during extracorporeal dialysis can
readily exceed 100 ml/min with standard equipment, a
non-K containing bath, and blood flow rates above
200 mI/mm. The maximum removal rate of K during hyper-
tonic peritoneal dialysis at a serum K of 8 mEq/liter would
be 12.5 mEq/hr predicted from a clearance of 26 ml/min.
Hourly 30 g kayexelate enemas can reportedly approach
K removal rates of 30 mEq/hr [13].
Nevertheless, peritoneal dialysis is certainly a reasonable
adjunctive therapy to other measures in severe hyper-
kalemic states or suitable for slow reduction in non life-
Table 1. comparison of mean (± 5JEM) results for 1.5 and 7.0%
exchanges at D/PK values of both 0.0 and near 1.0
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Fig. 1. C (vertical axis) is related to D/PK prior to instillation
(horizontal axis). Open and closed circles represent 1.5 and 7%
dextrose exchanges, respectively.
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threatening hyperkalemia. The acute benefits of peritoneal
dialysis in K intoxication probably stem more from changes
in ECF glucose, calcium, bicarbonate, and sodium con-
centrations than from K removal. Peritoneal dialysis can
be started in minutes (in contrast to hemodialysis) and is
well tolerated (unlike repeated resin enemas). Volume
overload, a risk of intravenous bicarbonate and glucose
administration, can be avoided.
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